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Discovery of the spectroscopic binary nature of the 
Cepheids X Puppis and XX Sagittarii 
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ABSTRACT 

We present the analysis of photometric and spectroscopic data of two bright Galactic 
Cepheids, X Puppis and XX Sagittarii. Based on the available data in the literature 
as well as own observations spanning 75 years, we conclude that both Cepheids belong 
to spectroscopic binary systems. However, the data are not sufficient to determine the 
orbital periods nor other elements for the orbit. This discovery corroborates the state- 
ment on the high frequency of occurrence of binaries among the classical Cepheids, a 
fact to be taken into account when calibrating the period-luminosity relationship for 
Cepheids. The photometric data revealed that the pulsation period of X Pup is con- 
tinuously increasing with AP — 0.007559d/century likely caused by stellar evolution. 
The pulsation period of XX Sgr turned out to be very stable in the last ^100 years. 
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1 INTRODUCTION 

Classical Cepheid variable stars are key objects in as- 
tronomy because owing to their radial pulsation and its 
consequences-mainly the famous period-luminosity (P-L) 
relationship-they rank among standard candles in estab- 
lishing the cosmic distance scale and serve as test objects 
of stellar evolution of intermediate-mass stars. 

Companions to Cepheids, however, comphcate the sit- 
uation. On the one hand, the contribution of the secondary 
star to the observed brightness has to be taken into account 
when involving any particular Cepheid in the calibration of 
the P-L relationship and the evolution of binary stars may 
be quite different from the single star evolution (depending 
on the separation of the components). On the other hand, 
frequency of binaries (and multiple stars) among classical 
Cepheid variables is c onsiderable: it ex ceeds 50 per cent 
for brightest Cepheids jSzabado j l2003al ) . while among the 
fainter Cepheids an observational selection effect encumbers 
revealing binarity. In a broader aspect, however, this fre- 
quent occurrence of binaries among Cepheids is not surpris- 
ing, it agrees with the general frequency of binary stars in 
the solar neighbourhood: two-third of solar typ e stars of F3- 
G2 sp ectral type stars have stellar companions (|Abt fc Levy! 
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Depending on the brightness and temperature differ- 
ences between the Cepheid and its (either optical or physi- 
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cal) companion, the observable brightness and colour of the 
unresolved binary system can differ from the respective value 
intrinsic to the Cepheid. If uncorrected for its contribution, 
the companion can falsify the luminosity and radius of the 
Cepheid derived by using the Baade-Wesselink method (ex- 
cept its infrared surface brightness method implementation). 

The orbital motion of a Cepheid in a binary system can 
even lead to a wrong trigonometric parallax if no allowance 
is made for binarity. An illustrative example for this adv erse 
effect was shown bv lSzabados. Kiss. &: KlagvivikI (|201ll ): all 
negative Hipparcos values for Cepheids within 2 kpc were 
solely derived in the case of Cepheids with known spectro- 
scopic companions. 

Cepheids belonging to open clusters are often used for 
calibrating the P-L relationsh ip based on the independently 
derived cluster distances (e.g.. [Turner fc Burke|[200^ : lTurneij 
[2010). For these calibrating Cepheids it is especially impor- 
tant to correct for the luminosity contribution from the com- 
panion. 

Therefore, it is essential to study Cepheids individually 
from the point of view of binarity before involving them 
in any calibration procedure (of e.g., P-L or period-radius 
relationship). 

Hot companions to Cepheids can be effectively discov- 
ered by ultraviolet spectroscopy: the lUE s atellite was in stru- 
mental in revealing early type companions (|Evansll992l ). Ra- 
dial velocity time series data (normally in the optical region) 
obtained during at least two widely differing epoch s can lead 
to discovery of spectroscopic binaries (see e.g., ISzabado^ 
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Il996l ). Revealing binarity by means of astrometry will be 
available from the data to be obtained during the ESA Gaia 
space mission from 2013 on. Owing to the regular behaviour 
of Cepheid pulsation, various photometric criteria have also 
been dev ised for pointing out the presence of Cepheid com- 
panions (|Szabadosll20"03bi : iKlagyivik fc Szabadosll2009l ) . 

In this paper we reveal spectroscopic binarity of two 
bright Cepheids, X Puppis and XX Sagittarii, by carefully 
analysing the radial velocity data published on these variable 
stars. Some new radial velocity data obtained for XX Sgr 
have also been included in the analysis. 

In the case of pulsating variables, like Cepheids, spectro- 
scopic binarity manifests itself in a periodic variation of the 
7- velocity (i.e., the radial velocity of the mass centre of the 
Cepheid). In practice, the orbital radial velocity variation of 
the Cepheid component is superimposed on the radial veloc- 
ity variations of pulsational origin. To separate the orbital 
and pulsational effects, knowledge of the accurate pulsation 
period is essential, especially when comparing radial veloc- 
ity data obtained at widely differing epochs. Therefore, the 
pulsation period and its variations have been determined 
with the method of the O — C diagram (^Stcrkcn 2005) for 
both target Cepheids. Use of the accurate pulsation period 
obtained from the photometric data is a guarantee for the 
correct phase matching of the (usually less precise) radial 
velocity data. 



2 X PUPPIS 

2.1 Accurate value of the pulsation period 

The brightness variabilit y of X Pup (H P 60266, (V) = 
8.46 mag.) was revealed bv lKaptevnl(|l89Gl ). During the time 
interval elapsed since the discovery (spanning more than 120 
years) the photometric variability was followed first visually, 
then photographically, from the 1950s photoelectrically, and 
in the last decades by CCD photometry. All published obser- 
vations of this Cepheid radially pulsating in the fundamental 
mode were re-analysed in a homogeneous manner to deter- 
mine seasonal moments of the normal maxima. These data 
are collected in Table [1] whose column contain the following 
pieces of information: 
Column 1: Heliocentric normal maxima; 
Col. 2: Epoch number, E, as calculated from Eq. 1: 

C = 2454 845.0497 -1- 25.970 068 x_B (1) 

±0.0926 ±0.000 406 
(this ephemeris has been obtained by the weighted least 
squares fit to the tabulated O — C residuals) ; 
Col. 3: the corresponding O — C residual as calculated from 
Eq.m 

Col. 4: weight assigned to the O — C residual (1, 2, or 3 
depending on the quality of the light curve leading to the 
given residual); 

Col. 5: reference to the origin of data, preceded by the 
name of the observer if different from the author(s) cited. 

The O — C residuals have been plotted in Fig.[l]together 
with the least squares fitted parabola. This parabolic trend 
corresponds to a continuous period increase of 5.375x10"^ 
d/cycle, i.e., AP = 0.007559 d/century. This tiny but non- 
negligible effect has been caused by stellar evolution: while 
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Figure 1. O — C diagram of X Pup based on tlie residuals listed in 
Table[l] The pulsation period of X Pup is continuously increasing 
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Figure 2. Deviations of the O 
fitted parabola 
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the Cepheid crosses the instability region towards lower tem- 
peratures in the Hertzsprung-Russell diagram, its pulsation 
period is increasing. Superimposed on this parabolic trend, 
random fluctuations of the period value are also seen on 
a time scale of several years - see the quasi continuously 
covered part of the deviations from the parabolic fit to the 
O-C residuals after JD 2 448 000 in Fig.0 The amplitude of 
these fluctuations is several tenths of a day, an order of mag- 
nitude larger than the periodic light-time effect expected in 
a binary system (of suitably placed orbital plane) with a 
Cepheid component. 



2.2 Radial velocity data of X Pup 

Th e av a ilable r adial velocity data in clude those obtained 
bv [Jovl l|l937h ICaldwell et al.1 ll200lD. Barnes , Moff ett & 
Slovak (1988). iBersieij l|2002l) . IPetterson et al.l (|2005l ). and 
IStorm et al.] l|201ll ). The phase curve was constructed from 
each data set using the actual value of the pulsation period 
taking into account the continuous period variation implied 
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Table 1. O — C residuals of X Puppis (description of the columns 
is given in Sect. 12.11 1 

W Data source 



1 Schonfeld (Parenago ^956) 

1 Kaptevn (1890) 

1 Perry (Parenago^956) 

1 Zinner (1 932) 

1 Parkhurst (1897 . 1899. 1903) 

1 Hartwig (Parenago^956) 

1 Innes (Parenago^956) 

1 Worsell (Parenago^956) 

1 Robinson (Parenago^95^ 

1 Hertzsprune (1928) 

1 Payne & Gaposchkin 
(Parenago ^956 ) 

1 Bhaskaran (1933) 

2 O' Connell (1934) 

1 Florva fc Kukarkina (1953) 

1 Berdnikov, Mattei & 
Beck (2003) 

2 Walraven, MuUer & 
Oosterhoflf (1958) 

1 Irwin (1961) 

1 Berdnikov et al. (2003) 

2 Mitchell ct al. (1964) 

1 Berdnikov et ah (2003) 

1 Takase (1969) 

3 Pel (1976) 

2 Madore (1975) 

1 Berdniko^_et_ah 

1 Dean (1977) 

1 Berdniko^_et_ah 

1 Berdniko^_et_ah 

1 Berdniko^_et_ah 

1 Eggen (1983) 

1 Berdnikov (2008) 

1 Berdnikov et al. (2003) 

1 Moffctt & Barnes (1984) 

1 Berd nikov (2008) 

1 Ber dnikov et al. (2003) 

1 Ber dnikov et al. (2003) 

1 Ber dnikov et al. (2003) 

2 Hipparcos (ESA 1 997) 

2 Hipparcos (ESA 1997) 

3 Berdnikov (2008) 
2 Bersier (2002) 
2 Bersier (2002) 
2 Berdnikov (2008) 
2 Berdnikov (2008) 

2 Berdnikov (2008) 

3 Berdnikov (2008) 
3 Berdnikov (2008) 

2 Berdnikov (200^) 

3 Berdnikov (2008) 
3 Berdnikov (2008) 
3 ASAS (Poim anski 2002) 
3 ASAS (Poimanski 2002) 
3 ASAS (Poimanski 2002) 
3 Berdnikov (2008) 
3 ASAS (Poimanski 2002) 
3 ASAS (Poimanski 2002) 
3 ASAS (Poimanski 2002) 
3 ASAS (Poimanski 2002) 
3 ASAS (Poimanski 2002) 



Table 2. 7- velocities of X Puppis 
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Figure 3. Temporal drift in the 7-velocity of X Puppis 

by Fig. [T] (see Sect. 12. ip . Then the mean value of the ra- 
dial velocity (the 7-velocity) was determined for each data 
set. These 7- velocities (together with their uncertainties are 
listed in Table [5] and also plotted in Fig. O The pattern of 
the data points implies a monotonically changing 7-velocity 
which is a sign of the orbital motion in a spectroscopic bi- 
nary system. The orbital period can be as long as several 
decades. 

Spectroscopic binarity of X Pup has to be confirmed by 
further observations because the earliest data (obtained by 
Joy about 80 years ago) are of low quality. Nevertheless, all 
radial velocity data have been obtained based on the ob- 
served wavelength of metallic lines, therefore one does not 
expect a noticeable systematic difference between the vari- 
ous data sets. 



3 XX SAGITTARII 

3.1 Accurate value of the pulsation period 

The brightness variability of XX Sagittarii (HD 169315, 
V) = 8.65 m ag.) was discovered by Annie Cannon 
Pickerindl 19081 ). In the first half of the 20th century XX Sgr 
was occasionally observed mainly visually, regular photo- 
metric data on this Cepheid are available from the last three 
decades. All photometric data of this single periodic Cepheid 
pulsating in the radial fundamental mode have been sub- 
jected to an O — C analysis whose results are summarized in 
TableO The O — C residuals in this table have been obtained 
by using the following final ephemeris: 

C = 2452 814.4629 + 6.424 267xi; (2) 
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Table 3. O - C residuals of XX Sagittarii 



Table 4. Log of the FEROS observations of XX Sgr 
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1 Zinner (Voute 1932) 

1 Zessewitsch (1929) 

2 Voute (1932) 

1 Zacharov (1954) 

1 Parenago (1938) 

1 Florv a fc Kukarkina (1953) 

1 Solo v'vov (1948) 

1 SoIov'yov (1948) 

2 Eggcn ct aL (1957) 

1 Mitchell et al. (1964) 

2 Takase (1 969) 

2 Berdnikov (2008) 

2 Moflfctt fc Barnes (1984) 

3 Berdnikov (2008) 

3 Hipparcos (ESA 1997) 

3 Arellano Ferro et al. (1998) 

3 Berdnikov (2008) 

3 Berdnikov (2008) 

3 Berdnikov (2008) 

3 Be rdnikq ^ (2008) 

3 ASAS (Poimanski 2002) 

3 Berdnikov (2008) 

3 ASAS (Poimanski 2002) 

3 ASAS (Poimanski 2002) 

3 INTEGRAL OMC 

3 ASAS (Poimanski 2002) 

3 ASAS (Poima nski 2002) 

3 INTEGRAL OMC 

3 ASAS (Poimanski 2002) 

3 ASAS (Poimanski 2002) 
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3 ASAS (Poimanski 2002) 
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Figure 4. O — C diagram of XX Sgr. The plot can be approxi- 
mated by a constant period 



± 0.0059 ± 0.000 003 
determined from a weighted least-squares fit to all normal 
maxima listed in Table [S] 

The 0~C diagram of XX Sgr is plotted in Fig. g] The 
pattern of data can be approximated by a constant period 
but in the last decades a wave-like pattern is seemingly su- 
perimposed on the O — C = constant line. However, this 
feature, can hardly be attributed to a light-time effect oc- 
curring in a binary system due to the orbital motion because 
the amplitude of the O ~ C variations is too large. 
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3.2 Radial velocity data of XX Sgr 

Over half century the values published by IJovI (|l937l ) had 
been the only existing ra dial velocity d ata on XX Sgr. The 
radial velocity survey of iBarnes et al.l ( |1988 ) also included 
this Cepheid, and their two data implied a 7-velocity value 
different from the one determined Joy's data. Suspecting the 
spectroscopic binary nature we initiated new radial velocity 
observations (discussed in Sect. 13.31) . the meantime, how- 
ever, some more radial veloc ity data have been published by 
iBerdnikov et all (|2010l ') and lStorm et al.1 (HoTJ). This latter 
series of observations resulted in a well-covered and very ac- 
curate radial velocity phase curve whic h confirms th e spec - 
troscopic binarity of XX Sgr. However, IStorm et al.l (|201ll ) 
did not compare their own measurements with the previous 
data, thus they missed to reveal the binarity of this Cepheid. 



3.3 FEROS observations 

XX Sgr was observed on four consecutive nights in April, 
2011, using the FEROS spectrograph on the MPG/ESO 
2.2 m telescope in La Silla Observatory, Chile (see Table |4] 
for details). The Fiber- fed Extended Range Optical Spec- 
trograph (FEROS) (Kaufer et al. 1999, 2000) has a total 
wavelength coverage of 356-920 nm with a resolving power 
of i? = 48 000. Two fibres, with entrance aperture of 2" 7, 
simultaneously recorded star hght and sky background. The 
detector is a back- illuminated CCD with 2948x4096 pixels 
of 15 /.im size. Basic data reduction was performed using a 
pipeline package for reductions (DRS), in MIDAS environ- 
ment. The pipeline performs the subtraction of bias and 
scattered hght in the CCD, orders extraction, flatfielding 
and wavelength calibration with a ThAr calibration frame 
(the calibration measurements were performed at the begin- 
ning of each night, using the ThAr lamp). 

After the continuum normalization of the spectra us- 
ing iRAlj^ we determined the radial velocities with the task 
fxcor, applying the cross-correlation method using a well- 
matching theoreti cal template spectru m from the extensive 
spectral library of iMunari et al.l l|2005l ). The velocities were 
determined in the region 500-600 nm where a number of 
metallic lines are present and lack of hydrogen lines. We 
made barycentric corrections to each radial velocity value 
with the task rvcorrect. The estimated uncertainty of the 
radial velocities is 0.05 kms~^. 



^ IRAF is distributed by the National Optical Astronomy Obser- 
vatories, which are operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 
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Figure 5. Merged radial velocity phase curve of XX Sgr. There is 
a strikin g diffe rence between the 7-velocities valid for the epoch 
of Joy's 1I1937I ) data (denoted as small squares) and more recent 
data (other symbols, see the detailed list in the text) 



Neither X Pup, nor XX Sgr shows any photometric 
evidence of dup licity based on the criteria discu ssed by 
ISzabadod (|2003bl ) and lKlagyivik fc Szabadoi (|2009t) indicat- 
ing that the companion cannot be a star much hotter than 
the Cepheid component in either case. Further spectroscopic 
observations are necessary to characterise these binary sys- 
tems. 

Regular monitoring of the radial velocities of a large 
number of Cepheids will be instrumental in finding more 
long-per iod spectros c opic b inaries among Cepheids. Quite 
recently lEvans et al.l (|2012l ) reported on their on-going sur- 
vey for pointing out binarity of Cepheids from the existing 
radial velocity data covering sufficiently long time interval. 

When determining the physical properties (luminosity, 
temperature, radius, etc.) of individual Cepheids, the effects 
of the companion on the observed parameters (apparent 
brightness, colour indices, etc.) have to be corrected for. This 
type of analysis, however, should be preceded by revealing 
the binarity of the given Cepheid. 



3.4 Binarity of XX Sgr 



All radial velocity data have been folded on the accurate pul- 
sation period taken from the ephemeris given in Eq. [2l so 
the different data series have been correctly phased with re- 
spect to each other. The merged radial velocity phase curve 
is plotted in Fig. (5] 

The individual data ser ies are de noted with differ- 
ent symbols: small squares - IJovI (Il937l) correspond ing to 



mid- JD 2 426 283 
mid- JD 2 444 254 



open circles 
filled circles 



Barnes et al. 



Storm et al.l 

iBerdnikov et al.1 (|2010t ). with mid- JD 2 454 261 and mid- 
JD 2 454 730, respectively; triangles: our FEROS data listed 
in Table H with mid- JD 2 455 669. 

The earliest radial velocity data bv lJovl (|l937l ) imply a 
significantly different 7- velocity than all more recent ones in 
spite of the uncertainty of his individual data as large as 4 
kms^^. Bec ause the ze r o poin t of Joy's system is reliable, as 
discussed bv lSzabadosI (| 19961 ). there is no systematic differ- 
ence of instrumental or data treatment origin between Joy's 
and the more recent observational series. The only plausi- 
ble explanation for the shift in the 7-velocity is the orbital 
motion in a binary system superimposed on the pulsational 
radial velocity changes. 

Spectroscopic binarity of XX Sgr can hardly be sus- 
pected from the radial velocity data obtained in the last 25 
years, so the orbital period is certainly much longer. 



4 CONCLUSIONS 

We pointed out that two bright Galactic Cepheids, X Pup- 
pis and XX Sagittarii have a variable 7-velocity which im- 
plies their membership in spectroscopic binary systems. 
The available radial velocity data are insufficient to deter- 
mine the orbital period and other elements of the orbit. 
It is obvious, however, that the orbital period is as long 
as several decades in both cases. Such long orbital peri- 
ods are not unprecedented among classical Cepheids, cf. 
the cases of T Mon and AW Per (see the on-line data base 
|http://www.konkoly.hu/CEP/orbit.html| and its description 
in lSzabadosll2003al '). 



ACKNOWLED GMENTS 

Financial support from the ESA PECS Project C98090, 
ESTEC Contract No.4000106398/12/NL/KML, the Hun- 
garian OTKA Grants K76816 and K83790, the MB08C 
81013 mobility grant, and the "Lendiilet-2009" Young Re- 
searchers Program of the Hungarian Academy of Sci- 
ences are gratefully acknowledged. A. D. and Cs. K. ac- 
knowledges the support of the Janos Bolyai Research Fel- 
lowship of the Hungarian Academy of Sciences. A. D. 
was supported by the Hungarian Eotvos fellowship. We 
are grateful to the staff at the 2.2 m telescope at La 
Silla for their kind support during the FEROS observa- 
tions. The INTEGRAL photometric data, pre-processed by 
ISDC, have been retrieved from the OMC Archive at CAB 
(INTA-CSIC). Critical remarks by Dr. M. Kun and the ref- 
eree led to a considerable improvement in the presentation 
of the results. 



REFERENCES 

Abt H. A., Levy S. G. 1976, ApJS, 30, 273 

Arellano Ferro A., Rojo Arellano E., Gonzalez-BedoUa S., 

Rosenzweig, P. 1998, ApJS, 117, 167 
Barnes T. G. Ill, Moffett T. J., Slovak M. H. 1988, ApJS, 

66, 43 

Berdnikov L. N. 2008, VizieR On-hne Data Catalog: 11/285 
Berdnikov L., Mattel J A., Beck S. J. 2003, J. AAVSO, 31, 
146 

Berdnikov L., Kniazev A. Yu., Usenko I. A., Kovtyukh 

V. v., Kravtsov V. V. 2010, AstL, 36, 490 
Bersier D. 2002, ApJS, 140, 465 
Bhaskaran T. P. 1933, J. Observateurs, 16, 95 
Caldwell J. A. R., Coulson I. M., Dean J. F., Berdnikov 

L. N. 2001, JAD, 7, No. 4 
Dean J. F. 1977, MNASSA, 36, 3 
Eggen O. J. 1983, AJ, 88, 998 

Eggen O. J., Gascoigne S. C. B., Burr E. J. 1957, 
MNRAS, 117, 406 



6 L. Szabados et al. 



ESA 1997, The Hipparcos and Tycho Catalogues, ESA SP- 
1200 

Evans N. R. 1992, ApJ, 384, 220 
Evans N. R. et al. 2012, AAS Meeing #220, #329.07 
Florya N. F., Kukarkina N. P. 1953, Sternberg Trudy, 23, 
No. 5 

Hertzsprung E. 1928, Bull. Astr. Inst. Neth., 4, 164 

Irwin J. B. 1961, ApJS, 6, 253 

Joy A. H. 1937, ApJ, 86, 363 

Kaptcyn J. C. 1890, Astr. Nadir., 125, 165 

Kaufer A., Stahl O., Tubbesing S., N0rregaard P., Avila G., 

Francois P., Pasquini L., Pizzella A. 1999, The Messenger, 

95, 8 

Kaufer A., Stahl O., Tubbesing S., N0rregaard P., Avila 
G., Francois P., Pasquini L., Pizzella A. 2000, in lye M., 
Moorwood A. F., SPIE, Ser. 4008, p.459 

Klagyivik P., Szabados L. 2009, A&A, 504, 959 

O'Connell D. J. K. 1934, Lembang Ann., 8 

Madore B. F. 1975, ApJS, 29, 219 

Mitchell R. I., Iriarte B., Steinmetz D., Johnson H. L. 1964, 

Bol. Obs. Tonantzintla y Tacubaya, 3, 153 
Moffett T. J., Barnes T. G. 1984, ApJS, 55, 389 
Munari U., Sordo R., Castelli F., Zwitter T. 2005, A&A, 
442, 1127 

Parenago P. P. 1938, Shtornbcrg Soobsch., 12, 25 
Parenago P. P. 1956, Perem. Zvezdy, 11, 236 
Parkhurst H. M. 1897, AJ, 17, 147 
Parkhurst H. M. 1899, AJ, 20, 96 
Parkhurst H. M. 1903, AJ, 23, 130 
Pel J. W. 1976, A&AS, 24, 413 

Petterson O. K. L., Cottrell P. L., Albrow M. D., Fokin A. 

2005, MNRAS, 362, 1167 
Pickering E. C. 1908, Astr. Nachr., 179, 7 
Pojmanski G. 2002, AcA, 52, 397 
Solov'yov A. V. 1956, Perem. Zvezdy, 6, 330 
Stcrken C. 2005, in Sterkcn C. cd., The Light-Time Effect 

in Astrophysics, ASP Conf. Scr. 335, Astron. Soc. Pac, 

San Francisco, p. 3 
Storm J. et al. 2011, A&A, 534, A94 
Szabados L. 1996, A&A, 311, 189 
Szabados L. 2003a, Inf. Bull. Var. Stars, 5394 
Szabados L. 2003b, in Recent Res. Devel. Astron. & Astro- 

phys., 1, (Trivandrum: Research Signpost), p. 787 
Szabados L., Kiss Z. T., Klagyivik P. 2011, EAS Publ. Ser., 

45, 441 

Takase B. 1969, Tokyo Astr. Bull., 2nd Ser., No. 191 

Turner D. G. 2010, Ap&SS, 326, 219 

Turner D. G., Burke J. F. 2002, AJ, 124, 2931 

Voute J. 1932, Lembang Ann., II. D25 

Walraven Th., Muller A. B., Oosterhoff P. T. 1958, Bull. 

Astr. Inst. Neth., 14, 81 
Zakharov G. P. 1954, Perem. Zvezdy, 10, 38 
Zessewitsch W. 1929, Perem. Zvezdy, 2, 30 
Zinner E. 1932, Bamberg Veroff. I, H. Ill, 523 

This paper has been typeset from a T^iX/ I^-T^^X file prepared 
by the author. 



